A Gram-stain-negative, non-motile, red bacterium, designated DCY57 T , was isolated from soil of a ginseng field in a mountainous region of Chungnam province in South Korea. Strain DCY57 T grew with 0-1 % (w/v) NaCl and the optimum temperature for growth was 30 6C. Strain DCY57 T contained MK-7 as the predominant menaquinone. The polyamine was sym-homospermidine. The major fatty acids were C 16:1 v5c, iso-C 15:0 , anteiso-C 15:0 and summed feature 3 (containing C 16:1 v7c and/or C 16:1 v6c). The major polar lipids were phosphatidylethanolamine, unknown aminophospholipids, unknown aminolipids and unknown lipids. The DNA G+C content was 58.9 mol%. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain DCY57 T was most closely related to members of the genus Hymenobacter. The isolate exhibited 91.7 % 16S rRNA gene sequence similarity with H. soli PB17 T , 94.5 % with H. flocculans A2-50A T and 95.8 % with H. metalli A2-91 T . On the basis of the evidence presented in this study, strain DCY57 T represents a novel species within the genus Hymenobacter, for which the name Hymenobacter ginsengisoli sp. nov. is proposed. The type strain is DCY57 T (5KCTC 23674 T 5JCM 17841 T ).
The genus Hymenobacter was first described by Hirsch et al. (1998) . Members of the genus Hymenobacter have high G+C content (55-65 mol%) when compared with other members of the family Flexibacteraceae in the class Sphingobacteria (27-48 mol%) (Garrity & Holt, 2001; Buczolits et al., 2002) . At the time of writing, the genus Hymenobacter consists of 19 species, which have been found in various environments: Hymenobacter roseosalivarius, H. norwichensis, H. ocellatus, H. gelipurpurascens and H. chitinivorans were isolated from continental Antarctica soils and sandstone (Hirsch et al., 1998; Buczolits et al., 2006) , H. actinosclerus from irradiated pork (Collins et al., 2000) , H. aerophilus from air (Buczolits et al., 2002) , H. rigui from wetland freshwater (Baik et al., 2006) , H. xinjiangensis and H. deserti from the desert of Xiinjiang, China (Zhang et al., 2007 , H. soli from grassland soil (Kim et al., 2008) , H. psychrotolerans from the Qinghai-Tibet Plateau permafrost region (Zhang et al., 2008) , H. daecheongensis from stream sediment (Xu et al., 2009) , 'H. tibetensis' from the Qinghai-Tibet Plateau , H. perfusus, H. flocculans and H. metalli from an uranium mine wastewater treatment system (Chung et al., 2010) , H. psychrophilus from soil (Zhang et al., 2011) and H. yonginensis from a mesotrophic artificial lake (Joung et al., 2011) .
Strain DCY57 T was isolated from soil of a ginseng field of Chungnam province in South Korea. The soil sample was thoroughly suspended in 0.9 % (w/v) NaCl and spread on R2A agar (Difco). After incubation at 30 u C for 7-10 days, a pigmented colony was picked and subcultured several times to obtain a pure culture. Subsequently, the isolate was routinely cultured on R2A agar at 30 u C and stored as glycerol suspensions (25 %, w/v) at -80 uC.
The genomic DNA of strain DCY57 T was extracted and purified using a genomic DNA isolation kit (Core Bio System, South Korea). The 16S rRNA gene sequence (1429 bp) of strain DCY57 T was amplified from chromosomal DNA using the universal bacterial primer set 27F, 518F and 1492R (Lane, 1991) and the purified PCR products were sequenced by Genotech (Daejeon, South Korea) (Kim et al., 2005) . The sequence of the 16S rRNA gene was compiled using SeqMan software and edited using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) and Kimura's two-parameter model (Kimura, 1983) . The neighbour-joining method was used to calculate evolutionary distances (Saitou & Nei, 1987 ) and a maximum-parsimony tree was constructed using the MEGA4 program (Kumar et al., 2001) . Bootstrap analysis with 1000 replications was conducted in order to obtain confidence levels for the branch nodes (Felsenstein, IP: 54.70.40.11 On: Mon, 22 Apr 2019 23:02:15 1985). All members of the genus Hymenobacter were included in the phylogenetic tree ( Fig. 1) . Comparison of the obtained sequence with those in public databases was done using the EzTaxon server v. 2.1 (Chun et al., 2007) . Strain DCY57 T was placed in the genus Hymenobacter. 16S rRNA gene sequence similarity between strain DCY57 T and H. soli PB17 T , H. flocculans A2-50A T and H. metalli A2-91 T was 91.7, 94.5 and 95.8 %, respectively.
Cell morphology was determined using light microscopy (61000; Nikon Optiphot-2). Gram-staining was determined using the bioMérieux Gram-stain kit, according to the manufacturer's instructions. Cells were grown in R2A broth (Difco) for 1 day at 30 uC and then tested for gliding motility by the hanging-drop technique (Skerman, 1967) . TEM was carried out as follows. Suspensions of cells grown previously on R2A agar (Difco) at 30 u C for 24 hours were placed on carbon-and formvar-coated nickel grids for 30 s. Grids were floated on 1 drop of 0.1 % (w/v) aqueous uranyl acetate, and then viewed with a Carl Zeiss LOE912AB electron microscope at 100 kV under standard operating conditions. Growth of strain DCY57 T was tested on R2A agar at 4, 8, 15, 25, 28, 30, 32, 34, 35, 37 and 40 u C. Growth with 0-10 % (w/v) NaCl (at intervals of 0.5 %) was evaluated in R2A broth and on R2A agar at 30 u C for 4 days. The pH range for growth at 30 u C was determined in soil and in R2A broth at pH 5.0-10.0 (at intervals of one pH unit) using 50 mM MES (pH 5.0-7.0), HEPES (pH 6.0-8.0) and 0.1 mM sodium carbonate buffer (pH 9.0-10.0). Growth was also evaluated on nutrient agar (NA), trypticase soy agar (TSA) and MacConkey agar at 30 u C. Anaerobic growth was tested using a commercial system (BD GasPak EZ Gas Generating System; Becton Dickinson). Plates were kept in a pouch under a CO 2enriched anaerobic environment for 10 days before being evaluated. Catalase activity was testing by mixing freshly grown cells with one drop of 3 % (v/v) hydrogen peroxide solution. Oxidase activity was evaluated by the oxidation of 1 % p-amino dimethyl aniline oxalate. In order to test aesculin hydrolysis, strain DCY57 T was grown on R2A medium containing 0.02 % ferric citrate (Fluka) and 0.3 % aesculin (Sigma). Starch hydrolysis was tested in R2A medium containing 1 % starch (Difco). DNase activity was determined on DNase agar (Scharlau) by detecting zones after addition of 1 M HCl. Hydrolysis of casein (3.0 % skim milk; Difco) and CM-cellulose (1.0 %; Sigma) was tested using R2A agar as the basal medium. Indole production was determined using Kovács' reagent in 1 % tryptone broth. Gas production from glucose was conducted in Durham tubes. Hydrolysis of Tweens 20 and 80 (1 %) was tested in R2A medium with 0.02 % CaCl 2 . Hydrolysis of gelatin was tested on medium containing 0.5 % gelatin peptone, 0.3 % beef extract and 1.2 % gelatin. Measurement of H 2 S production was conducted on triple H. perfusus A1-12 T (HM032896) sugar iron agar. Methyl red and Voges-Proskauer reactions were tested in Clark-Lubs medium (Scharlau). Nitrate reduction was tested using nitrate broth containing 0.2 % KNO 3 (Skerman, 1967) . Antibiotic susceptibility was tested using the disc-diffusion method (Bauer et al., 1966) using antibiotic-impregnated discs (Oxoid) containing (mg unless otherwise indicated) vancomycin (30), cefazolin (30), neomycin (30), novobiocin (30), oleandomycin (100), rifampicin (5), tetracycline (30), penicillin G (10 IU) and erythromycin (15). Plates were incubated at 30 u C for 48 hours under aerobic conditions and zones of inhibition were interpreted according to the manufacturer's manual. Basic biochemical tests and carbon-source oxidation were performed using API 20 E, API ZYM and GN VITEK-2 compact system version 4.01 (BioMérieux), according to the manufacturer's instructions. All results were recorded after incubation at 30 u C for 24 and 48 hours. A comparison of some physiological characteristics of strain DCY57 T and its closest phylogenetic neighbours is shown in Table 1 .
For the measurement of chromosomal DNA G+C content, extracted and purified DNA was degraded enzymically into nucleosides and the G+C content was determined as described by Mesbah et al. (1989) using reversed-phase HPLC. The G+C content of strain DCY57 T was 58.9 mol%, which is in the range for the genus Hymenobacter (55.0-65.0 mol%).
For menaquinone analysis, cell biomass was grown on R2A media at 30 u C for 72 hours and freeze dried. Isoprenoid quinones were extracted using chloroform/methanol (2:1, v/v), concentrated at 40 u C using a vacuum rotary evaporator and subsequently extracted with 10 ml hexane. After purification using a Sep-Pak Vac 6cc silica cartridge, the sample was analysed by HPLC as described by Collins (1985) . Strain DCY57 T contained menaquinone with seven isoprenoid units (MK-7) as the predominant isoprenoid quinone.
The polyamines of strain DCY57 T and H. psychrotolerans KACC 13767 T were extracted as described elsewhere (Busse & Auling, 1988; Busse et al., 1997) . Briefly, amines were extracted from approximately 40 mg freeze-dried samples with 1 ml of 0.2 M HClO 4 at 100 u C for 30 min with occasional shaking. Each mixture contained the internal standard 25 mmol 1,8-diaminooctane (40 mg cells) 21 . After extraction, the samples were centrifuged and then 0.2 ml of each supernatant was transferred to a tube containing 0.3 ml of 100 mg Na 2 CO 3 (ml water) 21 and 0.8 ml of 7.5 mg dansyl chloride (ml acetone) 21 . The tube was closed tightly and dansylation was performed for 20 min at 60 u C. Subsequently, 0.1 ml of 50 mg proline (mg water) 21 was added to bind the excess dansyl chloride during incubation for 10 min at 60 uC. After cooling to 5 u C, the polyamines were extracted with 0.1 ml toluene with shaking. The upper phase was used for HPLC (Alience 2690; Waters) using a reversed-phase column Eclipse C18 column (4.6 mm6100 mm65 mm) and detection with a fluorescence detector (Waters 474): flow rate 1.2 ml ml 21 ; wavelength 360-520 nm. To separate the polyamines, a linear acetonitrile/water gradient (40 : 85, v/ v) was applied for 10 min, followed by a linear acetonitrile/ water gradient (85 : 100, v/v) for 5 min at 40 u C. To detect dansylated polyamines, an excitation wavelength of 360 nm was used and the emitted light was measured at 520 nm. The polyamine pattern of strain DCY57 T was almost same as that of H. psychrotolerans KACC 13767 T (Fig. S1 , available in IJSEM Online), which was previously reported as predominantly sym-homospermidine (Zhang et al., 2008) . Table 1 . Differential characteristics of strain DCY57 T and its closest neighbours in the genus Hymenobacter Strains: 1, Hymenobacter ginsengisoli sp. nov. DCY57 T ; 2, Hymenobacter metalli LMG 25700 T ; 3, H. flocculans LMG 25699 T ; 4, Hymenobacter soli PB17 T . All data were taken from this study unless otherwise indicated. All strains are positive for acid phosphatase, alkaline phosphatase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase and valine arylamidase. All strains are negative for afucosidase and a-mannosidase. +, Positive; W, weakly positive; 2, negative. We extracted polar lipids from 50 mg dried cells as described by Minnikin et al. (1984) . Polar lipids were examined by two-dimensional TLC using Kieselgel 60F254 plates (10610 cm; Merck). Chromatograms were developed in the first dimension using chloroform/methanol/water (65 : 25 : 4, v/v) and in the second dimension using chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, v/v).
For the presence of all lipids, TLC plates were sprayed with 5 % molybdatophosphoric acid in ethanol and then heated at 120 u C for 15 min. As shown in Fig. S2 , the major polar lipids of strain DCY57 T were phosphatidylethanolamine, unknown aminophospholipids, unknown aminolipids and unknown polar lipids. Especially, one unknown polar lipid (L4 in Fig. S2 ) only occurred in strain DCY57 T but not in the reference strains.
For fatty acid methyl ester analysis, strain DCY57 T and reference strains were grown on R2A agar (pH 7) for 24 hours at 30 u C and, subsequently, 50 mg cells was harvested. Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) and analysed by capillary GLC (Hewlett Packard 6890) using the software package MIDI version 6.1 and the Sherlock Aerobic Bacterial Database TSBA version 6.1 (Sasser, 1990) . The major cellular fatty acids of strain DCY57 T were iso-C 15:0 (27.8 %), C 16:1 v5c (19.5 %), anteiso-C 15:0 (16.1 %) and summed feature 3 (containing C 16:1 v7c and/or C 16:1 v6c; 16.4 %). The fatty acid composition of strain DCY57 T was qualitatively similar to those of members of the genus Hymenobacter (Table 2) .
For MALDI-TOF/MS profiling, strain DCY57 T was cultivated on R2A agar for 18 hours at 30 u C and samples were prepared according to Mellmann et al. (2008) . Measurements were performed using a Microflex LT bench-top mass spectrometer (Bruker Daltonik, Leipzig, Germany) equipped with a 60-Hz nitrogen laser. Spectra were recorded in the positive linear mode for the mass range of 2000-20 000 Da. The data maximum laser frequency was analysed automatically using MALDI Biotype 2.0 and the software package with default settings. The pseudo-gel views of the profiles are compared in Fig. S3 .
On the basis of phylogenetic, phenotypic and chemotaxonomic data, strain DCY57 T represents a novel species of the genus Hymenobacter, for which name Hymenobacter ginsengisoli sp. nov. is proposed.
Description of Hymenobacter ginsengisoli sp. nov.
Hymenobacter ginsengisoli (gin.sen.gi.so9li. N.L. n. ginsengum ginseng; L. n. solum soil; N.L. gen. n. ginsengisoli of soil, of a ginseng field, the source of the type strain). N-acetyl-b-glucosaminidase, but negative for 5-keto-Dgluconate, a-galactosidase, adonitol, b-alanine arylamidase p-nitroanilide, coumarate, b-galactosidase, b-glucosidase, bglucuronidase, b-xylosidase, D-cellobiose, citrate, Ellman, cglutamyl transferase, D-glucose, Glu-Gly-Arg arylamidase, H 2 S production, L-lactic acid, L-lactate, L-arabitol, lysine decarboxylase, L-histidine, L-histidine, L-malic acid, malonate, D-maltose, D-mannitol, D-mannose, O129, ornithine decarboxylase, palatinose, b-N-acetyl-galactosaminidase, L-proline arylamidase, succinate, D-sorbitol, sucrose, Dtagatose, D-trehalose and urease. Susceptible to (mg unless otherwise indicated) vancomycin (30), cefazolin (30), neomycin (30), novobiocin (30), oleandomycin (100), rifampicin (5), tetracycline (30) and erythromycin (15), and resistant to penicillin G (10 IU). The major polar lipids are phosphatidylethanolamine, an unknown aminophospholipid and an unknown aminolipid. The major respiratory quinine is menaquinone MK-7. The polyamine is sym-homospermidine. The major fatty acids are C 16:1 v5c, iso-C 15:0 , anteiso-C 15:0 and summed feature 3 (containing C 16:1 v7c and/or C 16:1 v6c).
The type strain, DCY57 T (5KCTC 23674 T 5JCM 17841 T ), was isolated from soil of ginseng field in a mountainous region of Chungnam province in South Korea. The DNA G+C content of the type strain is 58.9 mol%.
